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Abstract— In this paper, space charge formation in epoxy resin 
has been measured at different applied electric fields using the 
pulsed electroacoustic technique to reveal the charge injection 
threshold field.  The influence of electrode material on the charge 
injection has also been investigated. It has been found that the 
threshold field value for negative charge injection is much lower 
than that of positive charges, and electrons are the dominant type 
of charge carrier in epoxy resin. Compared with aluminium, the 
sample with gold electrode shows a higher threshold field value 
and lower amount of charge injection. This observation can be 
attributed to a higher work function of the gold. 
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I. INTRODUCTION 
Partial discharge (PD) is widely studied under HVAC 
conditions, including its detection techniques, mechanism and 
characteristics. However, not much work has been published 
for PD under HVDC conditions. It is widely anticipated that 
space charge will influence PD behaviour under DC voltages. 
Firstly, space charge can distort the local field in the insulation, 
and may lead to unpredicted insulation failure and tend to 
influence the DC PD behaviour. Secondly, due to space 
charges, defects can be introduced into the dielectric in service, 
and this varies with the field level: if the local field is critically 
high, new defects with destructive size may appear in a short 
time [1].  
The space charge injection threshold is defined as the 
electric field level below which space charge injection can be 
neglected. Recent reported research has considered the charge 
injection threshold for polyethylene [2-4]. For epoxy resin, 
however, little work can be found. Epoxy resin is widely 
applied in the electrical and electronic devices, such as cable 
joints, protective coatings, and mountings of light emitting 
diodes because of its high stability to solvents and mechanical 
shock, as well as excellent dielectric properties. Epoxy resin is 
also popular in automobile, communication satellites and other 
aerospace applications, where the requirements for the material 
quality are strict [5, 6].  
Unlike polyethylene, epoxy resin is a typical polar material 
and dipolar polarization takes place when it is subjected to an 
electric field. Consequently, space charges can be blocked at 
the interface [7], resulting in a locally high permittivity. 
Polarization is more apparent at low frequency and high 
temperature and it, therefore, increases the difficulty in 
analysing space charge dynamics in the material [7].  
The charge injection threshold value is arguably 
asymmetric for positive and negative charges. Negative 
charges are injected from a cathode and move towards an 
anode, while electrons are extracted from the material at the 
anode (positive charges are considered to be injected). The aim 
of the present paper is to determine the charge injection 
threshold field for epoxy resin and the dominant type of charge 
carrier. The PEA technique has been applied to study the 
charge injection situation and space charge dynamics. In 
addition, the influence of the electrode material on the charge 
injection threshold field and charge dynamics has also been 
investigated. 
II. SAMPLE MANUFACTURE 
Fig. 1 shows the mould used for sample manufacture.  
DER 332, a highly pure bisphenol-A diglycidylether, was 
selected as the resin and Jeffamine D-230 as the hardener.  
 
Fig. 1. Mould for sample manufacture. 
For space charge measurements with the PEA system used 
for this research, the sample thickness should be around 140 
ȝm. To achieve this thickness with the moulding unit, it was 
found that 6g of resin and hardener are required. The 
suggested weight ratio of resin to hardener is 1000 to 344 [8]. 
To avoid cavity formation in the sample, the mixture was 
degassed for 30 minutes at 50 °C, before it was poured into the 
mould from the entrance A shown in Fig. 1. The mixture 
flowed slowly and filled the mould. It was further heated for 
another 4 hours at 120 °C to completely cure the resin. Sample 
thickness depends on the spacer between two plates (in this 
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